To analyze the association between visual impairment and driver self-regulation among a cohort of older drivers waiting for first eye cataract surgery. Methods: Ninety-six drivers with bilateral cataract aged 55+ years were assessed before first eye cataract surgery. Data collection consisted of a researcher-administered questionnaire, objective visual measures (visual acuity, contrast sensitivity and stereopsis), a visual attention test (the useful field of view test) and a cognitive test (the Mini-Mental State Examination). Driver self-regulation practices were collected using the Driving Habits Questionnaire and were also measured with an in-vehicle monitoring device. Characteristics of self-regulators and non-self-regulators were compared and a logistic regression model was used to examine the association between 3 objective visual measures and driver self-regulation status. Results: After controlling for potential confounding factors, only binocular contrast sensitivity (p=0.01), age (p=0.03) and gender (p=0.03) were significantly associated with driver selfregulation status. The odds of participants with better contrast sensitivity scores (better vision) self-regulating their driving in at least 1 driving situation decreased (odds ratio [OR]: 0.01, 95% CI: 0.00-0.28) while those of increasing age reported an increased odds of self-regulating their driving (OR: 1.08, 95% CI: 1.01-1.15). The odds of males self-regulating their driving was decreased compared with females (OR: 0.28, 95% CI: 0.09-0.86). Conclusions: Worse binocular contrast sensitivity scores, increasing age and being female were significantly associated with driver self-regulation. The study highlighted that while selfregulation was common among cataract patients, a proportion of those with poor vision did not self-regulate. Further research should determine how cataract patients could benefit from self-regulation strategies while waiting for cataract surgery.
Introduction
The aging population 1 has seen an increase in the number of older drivers on Australian roads, with a 44% rise in the number of licensed drivers aged 65+ between 2005 and 2013. 2 Recent research from the UK also showed that 11% of older drivers aged 65+ purchased a new vehicle and 14% purchased a second-hand vehicle in the last 2 years. 3 As private transportation is the preferred mode of travel among the 65+ age group, it is predicted that .95% of people who will be aged 65+ in the next decade, will be active drivers. 4 Driving contributes to older drivers' quality of life, sense of independence 5 and social participation, 6 and driving cessation has been linked to depressive symptoms, mortality and admission to extended care institutions.
Driver self-regulation has also been shown to be associated with gender (females), increasing age, poorer health, cognitive impairment, previous crashes, driving confidence and ability, as well as visual impairment. [9] [10] [11] [12] [13] Driving is a complex activity that involves many aspects of visual function.
14 Age-related cataract can affect these visual functions, therefore impacting on driving performance and crash risk. 15 Despite an increase in the number of studies examining the self-regulation practices of older drivers in the last decade, only a few studies have analyzed the specific effects of cataract on driver self-regulation practices. One study using self-reported information found that older drivers with cataract were more likely to modify their driving exposure, in terms of the number of days and destinations traveled per week, compared with older drivers without cataract. 16 However, there were no significant differences between groups in terms of kilometers traveled per week. 16 Another study using self-reported information found that 48% of older drivers with bilateral cataract avoided driving in at least 1 challenging situation while waiting for cataract surgery. 17 The most commonly avoided situation was driving at night time (40%), followed by driving on the freeway (12%), in the rain (9%) and parallel parking (8%). 17 This study also examined the association between objective measures of visual impairment and driver self-regulation practices among cataract patients. It found that older drivers who self-regulated had poorer contrast sensitivity (the ability to distinguish between light versus dark contrast) in the worse eye and that visual acuity and stereopsis were not associated with self-regulation. 17 Similarly, other studies examining the general older population also found that contrast sensitivity impairment was associated with driver self-regulation practices, [18] [19] [20] driving exposure 18, 21 and crash involvement. 22, 23 It is now possible, due to technological advances, to objectively measure the naturalistic driving behavior of drivers. In-vehicle driver monitoring devices are small electronic devices that can be easily connected to a participant's car in order to collect time-tagged global positioning system (GPS) data that provides a variety of driving information, including speed, location, distance, date of travel and start/ stop times of trips. They can also be used to assess driver self-regulation practices. 24 These devices have advantages over self-reported questionnaires or travel diaries as they provide objective measures of driving outcomes 25 and participants consider them to be more convenient and practical to use than self-reported travel diaries or questionnaires. [26] [27] In-vehicle monitoring also overcomes the limitations of self-reported information/diaries such as recall bias. 26 A growing body of evidence has found a lack of consistency between self-reported questionnaires and naturalistic driving data. For example, while some studies found that older drivers actually self-regulated their driving more than they reported, 28, 29 other studies found they self-regulated less than they reported. 26 These findings suggest that using self-reported data from questionnaires alone is not a reliable method.
It is important to better understand whether older adults with cataract self-regulate their driving while waiting for first eye cataract surgery and how this relates to their visual impairment. Therefore, the aim of this study is to examine the association between objective visual measures and selfregulation practices in bilateral cataract patients using a combination of naturalistic driving methods and self-reported data, as they wait for first eye cataract surgery.
Methods Participants
One hundred and eleven older drivers with bilateral cataract were recruited through 3 public ophthalmology clinics in Western Australia. Participants were recruited through direct contact by the ophthalmologists at the clinic or by an invitation letter. Eligible participants were drivers aged 55+ years, (53% males/47% females) diagnosed with bilateral cataract, who had never had cataract surgery previously and who did not have any other eye comorbidities (eg, macular degeneration, glaucoma, and retinopathy). They were also required to speak and understand English, to drive at least twice-weekly and have no cognitive or physical impairment (eg, dementia, Alzheimer's disease, Parkinson's disease, wheelchair user). Recruitment occurred from December 2014 to February 2017 and the assessments were undertaken in the month prior to first eye cataract surgery. The human research ethics committees of Curtin University and the participating hospitals granted ethics approval, and following the tenets of the Declaration of Helsinki, written informed consent was obtained from each participant before collecting any data.
Data collection
This study is part of a larger study titled "The Cataract Extraction and Driving Ability Research Study -The CEDAR study". 30 Participants completed a researcher-administered ) and naturalistic driving data were collected by an in-vehicle monitoring device that was provided to each participant at the assessment. Three objective visual assessments were also administered to all participants. The assessment took place at Curtin University.
Measures

Objective visual measures
Three different objective visual tests were administered to the participants under standard conditions, constant luminance and without mydriasis. Participants wore their habitual correction for visual testing.
Visual acuity (monocular and binocular) was measured using an Early Treatment Diabetic Retinopathy Study 31 acuity chart. The chart was standardized for a 3 m distance, used a letter by letter scoring method and scores were expressed on a logarithm of the minimum angle of resolution (logMAR) scale.
Contrast sensitivity (monocular and binocular) was measured using the Mars Letter Contrast Sensitivity Test, 32 calibrated for a distance of 50 centimeters and scores were expressed in log units.
Stereopsis was assessed with the Titmus Fly Stereotest, 33 which measures stereopsis from 4,800 to 20 seconds of arc. Scores were expressed as log seconds of arc.
Cognitive assessments
The useful field of view (UFOV) test
34
Visual attention was measured using the UFOV test. 34 This computer-based test is divided into 3 subtests assessing visual processing speed, divided attention and selective attention ( Figure 1 ). It is a valid and reliable predictor of crash risk. 35 In the first subtest (processing speed), participants had to identify a stimuli (either a car or a truck), which was briefly presented in the center of the screen. In the second subtest (divided attention), participants were required to look at 2 different targets at the same time and were requested to determine which target was presented in the center of the screen (a car or a truck) and then identify on which 1 of the 8 cardinal directions the other target was presented. The third subtest (selective attention) was similar to the second subtest. However, the 8 cardinal directions were surrounded by 47 small triangles, which were distractors. Participants had to use a mouse to select the stimuli. A raw score was calculated for each test based on the duration a participant took to identify correctly the objects presented at an accuracy level of 75%.
Mini-mental state examination (MMSE)
The MMSE 36 was used to assess general cognitive function. It is a screening tool for cognitive impairment and scores range from 0 to 30 with higher scores indicating better cognitive function. The inclusion criterion was a score $24 on the MMSE, which indicates normal cognitive function.
Driving patterns and self-regulation self-reported driving measures
A researcher-administered questionnaire collected general information about participants' socio-demographic characteristics and self-reported measures of driving patterns and self-regulation were collected using the DHQ. 16 This questionnaire has been previously validated among a population of older drivers with bilateral cataract in Western Australia. 37 Information collected included participants' driving exposure, driving difficulty and avoidance, driving dependence and previous crashes. The driving difficulty and avoidance part of the questionnaire was used to collect information about participants' self-regulation practices in 8 specific situations: "driving in the rain", "driving alone", "parallel parking", "turning across oncoming traffic", "driving on highways/freeways", "on heavy traffic roads", "in peak hour traffic" and "at night time".
Only 4 of these driving situations obtained from the self-reported DHQ could be directly compared with the information obtained from the in-vehicle monitoring device. These 4 situations were used to classify participants as either 
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Agramunt et al self-regulating or non-self-regulating their driving in each of the driving situations. These situations included "driving on highways/freeways", "on heavy traffic roads", "in peak hour traffic" and "at night time".
naturalistic driving measures
All participants were provided with an in-vehicle monitoring device (Geotab GO6™, Oakville, Canada). (Figure 2 ).
Participants were asked to use it for a period of 7 days and to drive as they normally would. They were also instructed to only use it when they were the driver of the vehicle and were asked to move the device from one vehicle to another when using multiple vehicles or remove it if they were not the driver of the vehicle for that specific trip. The devices were manually connected to the On Board Diagnostic II port for vehicles manufactured from 2006 or the cigarette lighter for vehicles manufactured prior to 2006 (Figure 3 ). Participants were also provided with a travel diary that they were asked to complete after each trip. The following information was collected: date, start and finish time of a trip, kilometers traveled, age and position of the passengers (whether they sat in the front seat or the back passenger seat), make, model and year of the vehicle driven, and purpose of the trip. The diary was also used to validate that they had been the driver of the motor vehicle.
Participants were instructed to return the travel diary and the in-vehicle monitoring device at the end of the 7-day period in a pre-paid envelope. Participants were then interviewed to verify that there were no issues while using the device and that they were the only driver of the vehicle while using the device. The data from the devices was then read by Fleet management Software (MyGeotab, Oakville, Canada) and uploaded by the researchers to a secure server at the University. The data was cleaned in order to exclude trips made from the University, as they were not part of the participants' typical driving behavior. Trips that lasted fewer than 10 seconds or 200 meters were also excluded in order to avoid "false trips". The devices collected a variety of time stamped second-by-second GPS data, such as date of travel, location, type of roads used, start/stop times of trips, and distance traveled. Night time was defined as the period between sunset and sunrise. Peak hour was defined as driving between 6 and 9 am or between 4 and 7 pm, Monday to Friday. Each of the routes driven by participants were represented on an interactive map provided by Geotab, which identified whether participants drove on highways/freeways and/or heavy traffic roads. Heavy traffic roads were defined as roads where there were .4,000 vehicles per day per lane 38 ( Figure 4 ). 
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Classification criteria for driver self-regulation
Each of the 4 challenging driving situations obtained from the DHQ and the in-vehicle monitoring devices were examined separately. For example: if a participant responded that they had not driven during peak hour traffic in the DHQ and this was confirmed by the data obtained from the in-vehicle monitoring device, then the participant was classified as a self-regulator for peak hour driving. Otherwise, they were considered to be a non-self-regulator for peak hour driving. This same procedure was undertaken for all 4 challenging driving situations. Finally, all 4 driving situations were examined for each participant. Participants were classified as a self-regulator if they had self-regulated their driving on at least 1 of the challenging driving situations.
Statistical analysis
Descriptive statistics were used to summarize the sociodemographic, visual characteristics and driving patterns of the cohort. Independent sample t-tests and chi-squared tests were initially used to compare the 2 groups. Cohen's kappa coefficient was used to measure the relative agreement between the information obtained from the self-reported DHQ and the in-vehicle monitoring devices. A multivariate logistic regression model was then undertaken to analyze the association between driver self-regulation status and the 3 objective measures of vision (binocular visual acuity, binocular contrast sensitivity and stereopsis). The main outcome of interest was driver self-regulation status (did not drive in 1 or more driving situations due to vision: yes or no). The 3 objective measures of vision (binocular visual acuity, binocular contrast sensitivity and stereopsis) were entered as explanatory variables in the model, as well as age, gender, marital status, comorbidities, and the scores obtained from the MMSE. These variables were chosen as they have shown to be associated with driver self-regulation in the literature.
9-13
Only the divided attention subtest was entered in the model as an explanatory variable due to multicollinearity among the 3 subtests of the UFOV. 39 This subtest was selected as it was the strongest predictor of crash involvement among all subtests of the UFOV in previous research. 19 The 3 measures of vision, the MMSE scores and the divided attention subtest were entered as continuous variables. Gender and marital status (single/de-facto or married) were entered as categorical variables in the model. All statistical analyses were performed with IBM SPSS Statistics 22.0 (SPSS Inc., Chicago, IL, USA).
Results
The final sample consisted of 96 participants. Fifteen of the 111 participants were excluded from the analysis due to poor data integrity from the in-vehicle monitoring device caused by faulty cigarette lighters and the loss of the monitoring devices. There was no significant difference between those 
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Agramunt et al who undertook the in-vehicle monitoring and those who did not in terms of age (p=0.45), gender (p=0.77), contrast sensitivity (p=0.74), visual acuity (p=0.65) and stereopsis (p=0.62). Table 1 compares the characteristics of the drivers classified as self-regulators (n=39, 40.6%) and non-self-regulators (n=57, 59.4%). Self-regulators were older than non-selfregulators with an average age of 75.7 years (SD =8.9) and 71.9 years (SD =8.2), respectively (p,0.05). There were no significant differences between the 2 groups for any other socio-demographic characteristics. Fifty-six percent of self-regulators and 42.1% of non-self-regulators were female. For self-regulators, 46.2% were married/de-facto and 48.7% did not live alone and for non-self-regulators, 64.9% were married/de-facto and did not live alone. In addition, the majority of self-regulators (51.3%) and non-self-regulators (66.7%) had completed higher education. Self-regulators were also very similar to non-self-regulators in terms of years of driving experience (51. According to the information obtained from the in-vehicle monitoring devices, participants who were classified as self-regulators drove fewer days, less kilometers and made fewer trips per week than non-self-regulators (p,0.001). The duration of trips and the maximum excursion radius from home for the non-self-regulators were also longer than for the self-regulators (p,0.001) ( Table 1) . Drivers who were classified as self-regulators had worse binocular contrast sensitivity scores, seeing approximately 2 letters less than drivers who were classified as non-selfregulators (p,0.05). There were no significant differences between the 2 groups in any of the other visual measures that included visual acuity and stereopsis (Table 2) .
Overall, 11.5% of participants (n=11) did not meet Australian visual acuity standards for driving. 40 These 11 participants had a visual acuity poorer than 6/12 (0.30 logMAR) when 
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Driver self-regulation practices among older drivers with cataract measured with each eye alone and with both eyes together (with the aid of spectacles or lenses if needed). More specifically, among the 39 participants classified as self-regulators, 15.4% of participants did not meet Australian visual acuity standards for driving (n=6). However, among the 57 older drivers classified as non-self-regulators, 8.8% of participants (n=5) did not meet Australian visual acuity standards for driving.
Forty-one percent of the cohort (n=39) were classified as self-regulators since they self-regulated their driving on at least one of the four challenging driving situations as confirmed by the DHQ and driver monitoring device. For each of the four situations specifically, 31.3% (n=30) of participants self-regulated their driving at night, 10.4% (n=10) did not drive in peak hour traffic, 9.4% (n=9) did not drive on heavy traffic roads, and 8.3% (n=8) avoided freeway/highway driving. Overall, 25.0% (n=24) of participants self-regulated their driving on 1 challenging driving situation only, 12.5% (n=12) on 2 driving situations, 1.0% (n=1) on 3 driving situations, and 2.0% (n=2) self-regulated on all 4 driving situations.
When comparing the agreement between the DHQ selfreported information and the in-vehicle monitoring device data for each of the challenging driving situations there was minimal agreement for peak hour driving (Kappa 0.17, p=0.09), driving on the freeway/highway (Kappa 0.07, 0=0.30), and driving on heavy traffic roads (Kappa 0.13, p=0.16). However, for night time driving, there was agreement between the self-reported DHQ and the in-vehicle monitoring device (Kappa 0.30, p,0.001). Table 3 presents the results of the multivariate logistic regression model analyzing the association between visual measures and self-regulation status. The model explained 30.90% of the variance (R 2 ). After controlling for potential confounding factors, only binocular contrast sensitivity (p=0.01), age (p=0.03) and gender (p=0.03) were significantly associated with driver self-regulation status. The odds of participants with better contrast sensitivity scores (better vision) self-regulating their driving in at least 1 driving situation decreased (odds ratio [OR]: 0.01, 95% CI: 0.00-0.28) while those of increasing age reported an increased odds of self-regulating their driving (OR: 1.08, 95% CI: 1.01-1.15). The odds of males self-regulating their driving was decreased compared with females (OR: 0.28, 95% CI: 0.09-0.86). Neither binocular visual acuity (p=0.270), nor stereopsis (p=0.135) were significantly associated with selfregulation status.
Multivariate analysis
Discussion
This is one of the first studies to specifically examine whether older drivers with cataract self-regulate their driving while waiting for first eye surgery using a combination of naturalistic driving data and self-reported information from the DHQ. The study found that 40.60% of participants were classified as self-regulating their driving prior to first eye cataract surgery in at least 1 challenging driving situation. This is consistent with Fraser et al 17 who found that 47.5% of older drivers with bilateral cataract waiting for cataract surgery in Western Australia were also classified as self-regulators. While that study also used the DHQ and a comparable definition of self-regulation, it relied on self-reported information only to assess self-regulation practices, which may be subject to recall and social desirability bias.
Our study also found that older drivers aged 55+ years with worse binocular contrast sensitivity scores were more likely to self-regulate their driving than those who had better contrast sensitivity scores. This finding is consistent with previous research among cataract patients, which found that there was a significant difference in worse eye contrast sensitivity scores between self-regulators and non-selfregulators. 17 Similarly, other studies among the general population of older drivers, also found an association between contrast sensitivity impairment and self-regulation practices. 18, 20 Contrast sensitivity is important for driving as many objects on the road are represented in low contrast 41 and contrast sensitivity is frequently impaired among people 14 No significant association between visual acuity and driver self-regulation was found, which is consistent with previous research. 17 This is of importance for road safety policy makers and licensing authorities who mainly rely on visual acuity for assessing fitness to drive, despite the significance of contrast sensitivity being highlighted in a large body of research. 17, 20, 21, 23, 42 As the population is aging, 1 there will be an increased number of older drivers on the roads. It is therefore a priority to investigate how licensing authorities could benefit from using additional measures of vision, such as contrast sensitivity tests to improve road safety.
In this study, the likelihood of self-regulating was associated with increasing age. This is consistent with previous research using self-report methods, which showed that older age was associated with driving less kilometers. 12 This may be due to lower mobility, frailty, poor health 43 and lower levels of function 44 associated with aging. Females were also more likely to self-regulate their driving than males, which is consistent with previous research. 5, 13, 45, 46 This may be explained by the fact that men report more confidence in their driving abilities, find driving more enjoyable and important to them 46 and have less driving difficulties than women. 13 A strength of the study was the large sample size (n=96) compared with similar studies 24, 26, 29 as well as the use of a combination of naturalistic and self-reported data in order to gain an accurate picture of driver self-regulation due to cataract. Naturalistic driving data provide valid information on driving outcomes, 25 which can be of higher quality and accuracy than self-reported data. 47 For example, 9 participants did not drive at all in any of the challenging driving situations according to the naturalistic data, but the self-reported data revealed that only 3 people reported that they were deliberately self-regulating in all driving situations. It was also not possible to determine, using naturalistic data alone, whether participants deliberately self-regulated their driving in a particular situation or they simply have no need or desire to drive. While naturalistic information may be superior to self-report in terms of objective measurement of variables such as driving exposure, it does not provide contextual information about the driving situation itself. This study demonstrated that to better understand the context of driver self-regulation, there may be a role for self-report information, particularly when used in conjunction with objective naturalistic data.
There were limitations to this study. Participants consisted of a convenience sample who volunteered for the study. In addition, it is possible that some participants with poorer vision did not wish to take part in the study, fearing that their drivers license might be suspended. The definition of "self-regulator" in this study was based on only 4 challenging driving situations in the DHQ as it was not possible to determine whether participants avoided situations such as driving alone or in the rain from the naturalistic data. Therefore, the results of the study may have underestimated the true number of people who self-regulate their driving while waiting for first eye cataract surgery. Future research should include a wider range of challenging situations that are known to be problematic for older drivers such as intersections 45 and long-distance driving, 8 which can be obtained from in-vehicle monitoring devices. Furthermore, participants' driving exposure was measured over a period of 7 days, which might not be representative of their usual driving patterns, due to specific circumstances such as health issues or environmental conditions such as the weather. 48 However, other naturalistic studies have used a 7-day time period, which is the same as our study. 24, 26, 29 Overall, this study highlighted that 40.6% of bilateral cataract patients awaiting cataract surgery self-regulated their driving in at least 1 challenging driving situation and that this self-regulation was associated with poorer vision (contrast sensitivity). While this is promising, nearly 10% of those who did not meet the minimum visual standards for driving in Western Australia, did not self-regulate their driving. This suggests that while self-regulation is common among cataract patients, a proportion with poor vision do not self-regulate. Therefore, promoting the use of self-regulation strategies could be a way to enhance road safety among older drivers while they are waiting for cataract surgery.
Conclusion
This study found that worse binocular contrast sensitivity scores, increasing age and being female were significantly associated with driver self-regulation among bilateral cataract patients awaiting first eye surgery. It also highlighted that while driver self-regulation was common, a proportion of those with poor vision did not self-regulate. Further research should determine how cataract patients could benefit from educational intervention programs promoting the use of selfregulation strategies while waiting for cataract surgery.
